Abstract-The results of a national survey of smoking risks and smoking behavior are analyzed. Smoking risk perceptions follow the expected patterns given age differences in risk information acquired and differences in information associated with smoking status. Risk perceptions are greater as one moves to younger age cohorts, where overall lung cancer risks are substantially overestimated. These risk perceptions in turn have a negative effect on smoking decisions, where younger individuals behave no differently in terms of the manner in which they incorporate risk perceptions into their smoking decisions.
Introduction
FROM the standpoint of market failure with respect to individual decisions under uncertainty, smoking behavior raises two classes of issues. First, do individuals understand the potential risks posed by their smoking decisions? Second, if they do understand these risks, do they take them into account when deciding whether they will smoke?
These concerns are particularly acute in the case of younger individuals, since most smokers initiate their smoking behavior when they are relatively young. In view of the considerable attention that has been focused on the costs associated with cessation of smoking, which have been designated a problem of "addiction" by the Surgeon General,' it becomes particularly important to determine whether young cigarette smokers understand the risks and act upon these risk perceptions in a responsible manner.
Evidence from other risk contexts does not inspire confidence in these decision-making capabilities. Younger drivers lead all age groups in motor vehicle fatality rates, where a major component of these accidents is attributable to teenage drunken driving.2 If irresponsible risktaking behavior in this decision context is reflected in others as well, then we would expect to find evidence of inadequate risk perceptions and failure to respond to risks when examining the smoking decisions of younger individuals.
An offsetting influence is that the mix of the information received by younger age groups will incorporate more adverse information with respect to the consequences of smoking. Public dissemination of risk information has been widespread, particularly over the past two decades. Moreover, the increased social controversy with respect to smoking has created heightened social awareness. One would expect that individuals whose experiences have been dominated by this more recent climate would have higher risk perceptions than those with a longer term perspective. This paper will utilize a large national survey of smoking risk perceptions and smoking behavior to investigate the role of individual age with respect to smoking. These data will enable us to analyze smoking behavior as a case study in the economics of potentially risky consumption decisions. In particular, we will examine the level of subjective risk perceptions using probability assessments that make it possible to compare subjective perceptions with actual risk levels to determine the extent and direction of any bias. In addition, the results will illuminate the role of different sources of information by analyzing the variations in risk perception with age and smoking status. Finally, it will be possible to assess how these risk perceptions are transmitted into smoking decisions, which is the main risk-taking decision of consequence in this consumption area. Although other studies of choices under uncertainty either in the product market or the labor market have addressed one or more of these issues, no previous study has considered all of these facets of economic decision making within a particular choice context.3
Studies of trends in smoking behavior, including Hamilton (1972) and Schneider, Klein, and Murphy (1981) , have documented the responsiveness of smoking to shifts in information over time. However, the contemporaneous nature of the adverse smoking publicity, shifts in mandatory cigarette warnings, and Surgeon General's reports have complicated efforts to isolate the specific factors at work. Moreover, none of these studies examined the intervening linkage with risk perceptions to be considered here.
Although the data considered in this paper are quite extensive, they do not exhaust the range of concerns. For example, the cross-sectional nature of the data base will restrict our focus to issues of static consumption choices. The role of changing information over time and the impact of new information on changes in smoking behavior will not be explicitly examined. Moreover, the analysis will focus on only one major class of risks of smoking, lung cancer.
While the objective of the study is to provide a better understanding of how consumers make decisions involving risk, results for the cigarette choice situation are in no way meant to be representative of how consumers make risky choices in general. Indeed, much of the literature on the rationality of choice under uncertainty has indicated that the soundness of decisions varies considerably by decision context. A distinguishing feature of the cigarette decision is that the risks have been highly publicized. Cigarettes mnust be accompanied by mandatory product warnings, as must cigarette advertising. The Surgeon General is required by law to issue an annual report on smoking and health, which generally receives substantial media coverage. 
II. Sample Characteristics
The data base used for this analysis is a national survey of smoking behavior by a New York research firm, Audits and Surveys.4 The sample was based on a 1985 national telephone survey that was undertaken on a randomized basis, drawing from all four U.S. Census regions. The sampling'procedure stratified each Census region into metropolitan and non-metropolitan areas. Sample size differences across areas reflected population differences. The regional breakdown of the sample is given in table 1. The only sample screen was that the respondent had to be at least 16 years old.
After making contact with the house, a random selection procedure determined which household member would be the respondent.5 Adults in the age group 22-45 comprised 51% of the sample, and men comprised 37%. The primary age group of interest here is the young age group in the age range 16-21. Half of the sample were nonsmokers, and the remainder were equally divided between smokers and former smokers.
The central variable in the empirical analysis is the risk perception variable (RISK). The survey asked respondents how many of each group of 100 smokers would get lung cancer. By ascertaining the risk level with respect to a base population, the survey incorporated a procedure that has been shown to be a meaningful way to elicit -probabilistic information in survey contexts.6 Risks viewed with respect to a base population are much more readily understood than, for example, probabilistic information. Overall, there were 3,119 complete survey responses, where the sample is limited to individuals with valid observations for the RISK variable, which is the key variable of interest. There were 381 individuals with missing RISK responses, or 11% of the sample. The non-respondents were similar to those with valid RISK responses except that older individuals were less likely to answer the RlSK question. The possibility of sample selection bias will be explicitly addressed in the results below.
Although lung cancer represents an important risk of smoking, the wording of the risk perception question is not ideal. First, the question ascertained the overall risk perception for lung cancer, not the fatality rate from lung cancer. 4This survey was commissioned by a consortium of defense law firms representing the cigarette industry. See Viscusi (1990) for a companion analysis of these data. 5The interview began with a detailed series of questions to first determine the number of household members age 16 or above and then to ascertain the sex and relative ages of these individuals. These questions established an ordering of household members that provided a uniform basis for undertaking a random selection of the respondents from among those at home. 6 This procedure of treating risks within the context of a total number of outcomes out of a base population has, for example, been used with success in Viscusi (1988) and Viscusi, Magat, and Huber (1987). In Viscusi (1988), I estimate the lung cancer fatality risk through a hazard warning study involving a base population of 11 million Illinois residents within the context of a written survey. The assessed lung cancer death risk from smoking of 0.33 is of a magnitude similar to the 0.43 lung cancer incidence rate assessed here. Testing of different risk denominators within the context of a telephone survey indicates that the 100 smoker denominator is the most easily understood. When, for example, respondents were given other base populations such as the total state population or 1000 smokers, they almost invariably ignored the denominator and gave the percentage or fraction of smokers who would develop lung cancer. This distinction is not of substantial consequence because the mortality risk from lung cancer is quite high.' In addition, in a subsequent survey by the author, assessment of the lung cancer fatality rate from cigarette smoking was found to be somewhat lower, but quite similar to the overall lung cancer risk assessment.8 A potentially more important omission is that adverse health effects other than lung cancer were not included in the survey. Even if these survey results provide only a partial perspective on the overall risks of cigarette smoking, the findings are nevertheless instructive because of the importance of the lung cancer component. A partial focus on a single risk component is the dominant one in the economics of risk-dollar tradeoffs literature as, for example, job risk studies typically focus on wage premiums for fatality risks and do not analyze risk premiums for disease. In addition, individual awareness of lung cancer risks is strongly correlated with awareness of other risks of smoking, such as throat cancer and heart disease (see the Gallup Poll 1981), so that lung cancer risk perceptions serve in part as a proxy for overall smoking risk perceptions.9 To the extent that the incomplete coverage of the lung cancer risk perception variable proves to be of consequence, the analysis will note any potential biases below.
III. The Risk Perception Model
Let us treat the formation of risk perceptions within a Bayesian learning framework. In particular, we will use a beta distribution to characterize the learning process since this distribution is highly flexible and is ideally suited to analyzing binary lotteries such as this. Assuming a normal distribution yields an identical mathematical structure but imposes far more stringent symmetry requirements. This approach was introduced by Viscusi (1985) and Viscusi and O'Connor (1984) and has also been successfully utilized by . The formulation below introduces a variant of this model, recognizing three different sources of smoking risk information.
Individuals have three sources of information. First, they have their prior risk assessments p, which have associated informational content To (i.e., the informational weight placed on the prior is equivalent to observing To draws from a Bernoulli urn). The second source of information consists of direct and indirect individual experience. The individual may have been a cigarette smoker and formed a risk assessment based on the observed health effects (e.g., increased coughing), or one may learn about adverse health effects on others. Let q denote the risk assessment derived from experience, and yo be the associated informational content. The third source of risk information consists of information about smoking that has been communicated to the individual, ranging from-newspaper stories to hazard warnings on cigarette packages. Let r be the risk implied by this information and fo be its informational content. The final bit of notation is that it is useful to denote the fraction of the total informational content associated with each information source rather than its level, and we will drop the 0 subscript in this instance (i.e., T = TO/(0O + yo + fo , = yo/("o + yo + fo), and 
so that the risk implied by each source of informnation is weighted by the fraction of the informational content associated with it.
The formulation in equation (1) Suppose that publicly provided risk information conveys a higher risk than the individual's prior risk beliefs (r > p) and experiences (r > q). Even if the intent of the information campaign is to provide accurate information, limitations on individual processing of the information may lead to overassessments of the risk. As the risk perception literature has demonstrated, there is often a tendency for people to overassess highly publicized events.10 Media coverage of smoking risks dwarfs the coverage given to most other risks. Moreover, this coverage usually indicates that smoking is risky; it does not provide probabilistic information in any meaningful sense. If the saliency of the risk information creates a similar bias in the case of smoking, we would expect there to be overestimation of the risk. Other factors, such as the remoteness of the risk and the large size of the risk, may work in the opposite direction so that there is no unambiguous prediction from the risk perception literature pertaining to the direction of bias.
If, however, the sources of risk information have the associated probabilities indicated above, we would expect that as you move from the younger to the older age cohorts that the risk perception should decline. For younger individuals the role of experience with cigarettes will be less so that governmental information will play a greater role, 'leading to a higher risk assessment. The Bayesian learning model also predicts a dampening of the drop-off with age: a2 RISK 2 <0 if p,q <r This pattern is borne out for the data in table 2. In particular, for each of the three smoking categories the adult population group has lung cancer risk perceptions that are significantly lower than for the young age group.1" In addition, when one moves to the oldest population group (AGE46 + ), the risk perception drops even more for current smokers, but for all respondent groups there is no significant decline in risk perceptions between the middle and oldest age groups.12 This diminishing effect of risk information is also consistent with a rational learning model.
The general pattern as one moves across the rows (from current smokers to former smokers and then to nonsmokers in any age group) is that the risk perception rises, which one would expect since we are moving toward groups with a higher proportion of their information coming from governmental sources.13 The only case where a rise does not occur (i.e., young cdrrent smokers have a higher risk assessment than young former smokers) involves a difference that is not statistically significant. Moreover, it is unclear which of the two groups has actually had more experience smoking cigarettes. In addition, the differences between the two groups are not statistically sig- Table 3 provides a more detailed perspective on the distribution of risk perception levels. As is indicated by a comparison of the risk perceptions for the entire sample in all age groups and for the younger individuals, the younger respondents tend to have higher risk perceptions than their more senior counterparts. In particular, younger individuals are more concentrated in the higher risk perception categories than older individuals. Moreover, for all smoking status groups, the AGE16-21 group has a significantly higher level of lung cancer risk perceptions. '5 An interesting policy question is the extent to which individuals overestimate the risk. Thus, from the standpoint of market failure we are not simply concerned with the level of risk perceptions, but whether these perceptions are above or below the actual risk level. It should be emphasized that these assessments pertain only to the lung cancer risk, not all risks of smoking. The overall smoking risk perception is what is pertinent for such broader policy judgments.'6
Although the scientific basis for determining the lung cancer risk is not precise because of the difficult problems in tracking causality for diseases, the best estimates using information provided by the Surgeon General indicate that the "true" lung cancer risk is in the range from 0.05 to 0.10.'7, Since table 3 provides detailed breakdowns by deciles, readers wishing to explore the sensitivity of the results to other reference risk levels can do so.
The overall implication of table 3 is that individuals assess the lung cancer risks associated with smoking as being greater than the "true" risk level, and the extent of overestimation is particularly great for the youngest age cohort. Moreover, the asymmetry of risk perceptions 14Akerlof and Dickens (1982) provide a discussion of economic models of cognitive dissonance.
Is For the sample of all individuals irrespective of smoking status, the difference in means and the associated 95% confidence interval is 0.064 ? 0.014, and for smokers it is 0.077 + 0.032. 16A subsequent survey-I have undertaken indicates that the overall assessed death risk from smoking exceeds the assessed lung cancer risk and the actual mortality risk but by less than the ratio of the overall smoking mortality rate to the smoking lung cancer rate. These other risk results appear in Viscusi (1992).
7 The calculation of the overall risk level consisted of several components. The first is the number of lung cancer deaths per year, which is 110,000, of which 85% are believed to be due to cigarette smoking (U.S. Dept. of Health and Human Services (1982), p. vi). To calculate the lung cancer risk level, one must divide the total number of lung cancer death risks by the number of smokers, which is a figure  obtained from An intriguing aspect of table 3 is the reasonably large fraction of smokers-10% of all young smokers-who believe the risk level is 1.0, yet they continue to smoke. Although rational explanations involving the role of time lags and discounting are no doubt possible, another contributing factor is that the assessed cases of lung cancer per 100 smokers tends to be clustered at salient numbers. Respondents assessing a RISK of 1.0 may believe that lung cancer is highly likely but not necessarily a certain outcome.
IV. The Equations to Be Estimated
The beta distribution formulation in equation (1) where ui is a random error term.'8 The variables included in X3i include the respondent's past and current smoking status. Past smoking decisions are predetermined and consequently can be treated as exogenous. Current smoking status likewise may be predetermined because of the long-term nature of such consumption decisions, but on theoretical grounds current smoking status could be endogenous. Although one cannot reject the possibility that smoking status is not endogenous, I will also include results that allow for the possibility of simultaneity. In addition, the potential for selectivity bias with respect to the lung cancer risk responses will be taken into account by including the inverse of the Mill's ratio using a probit estimation procedure described by Heckman (1976) . This hazard rate term pertaining to the probability of a non-response to the RISK question will be denoted by LAMBDA. One can consequently -rewrite equation (2) analogs of the risk perception and smoking probability equations.'9 The risk perception equation (3) is then estimated by OLS after the SMOKER variable is replaced by the probit estimate of the smoking probability from the reduced form SMOKER equation. The smoking probability equation (4) is estimated by probit after replacing RISK by the reduced form estimate of RISKi. Table 4 reports several specifications of the lung cancer risk perception equation in whic'h different sets of variables are included so as to distinguish the different influences at work. The low explanatory power of all three equations in table 4 suggests that factors other than those reflected in these demographic and broad informational variables account for smoking risk perceptions. The focus here is not on developing a predictive model but on testing specific hypotheses relating to respondent age. Equation 1 in table 4 includes only the background variables and regional dummy variables, which reflect differences in experience, the character of information that has been acquired, and regional price differences. The youngest age group (YOUNG) has higher, risk perceptions, which is consistent with the earlier view that the smoking ^ information the youngest cohort has received includes a much higher fraction of high risk messages. The Surgeon General's efforts and the character of cigarette warnings have become more stringent in recent years, and there has been a dramatic increase in social pressure against smoking. As predicted, the young will be more heavily 19 In each case I augment the set of instruments by 50 detailed regional dummy variables. Moreover, for the RISK equation I also include a variable for whether RISK was above or below its median in a procedure developed by Wald (1940) and described in Kmenta (1986, pp. 361-362 jointly estimated using the two stage procedure described above, and the PAST SMOKER variable is also an instrumental variables estimate.2' Both of the smoking status variables have significant negative effects on the risk assessment, as a CURRENT SMOKER will assess the lung cancer probability as being 0.08 lower and a PAST SMOKER will assess the probability as being 0.05 lower. Equation 5 adds the selectivity bias term LAMBDA, which is not statistically significant.
V. The Lung Cancer Risk Perception Equation

VI. Age Differences in Smoking Behavior
The costs associated with altering one's consumption behavior are only of consequence if there is a change in one's optimal consumption decision over time. One prominent source of change is individual learning. If individuals begin smoking at a young age because they underassess the risk and then subsequently increase their risk perceptions, there may be expected welfare benefits associated with quitting. The transactions costs associated with quitting may make this a costly process of learning and adaptation, so that there will be a welfare loss as compared with the situation of full information regarding the actual risk level. It is often suggested by critics of cigarettes that individuals become lured into smoking in this manner. The results in sections III and IV did not indicate any such age-related bias. In fact, the opposite bias was evident.
The risk perception results do not in and of themselves eliminate the potential for irrational behavior by younger age groups. Other potential health hazards of smoking and one's understanding, of the costs of changing one's smoking behav-20 Using the demographic variables and a set of 50 refined regional variables as instruments, one can estimate the instrumental variables for PAST SMOKER or SMOKER, which is included in addition to the variables in table 4. This constructed variable had an estimated value of 0.0316 and a standard error of 0.0929 so that one cannot reject the hypothesis that the original PAST or CURRENT SMOKER variables are not endogenous. The smoking variable consequently passes the Hausman (1978) specification test. The excluded instrument set (i.e., the regional variables) also passes a test of overidentifying restrictions. Finally, making a distinction between past and current smokers was not consequential, as there was no statistically significant difference in the effects. 21 The instrument set was the same as was used to estimate the reduced form SMOKER equation. The results are similar in each case. For each of the four specifications there is no statistically significant difference in the smoking behavior of the youngest age cohort in the sample. The greater risk assessments of the YOUNG group are transmitted into reductions in smoking behavior in the same manner as for the rest of the population. In particular, the independent effect of the YOUNG coefficient and the interactive effect of YOUNG with RISK are consistently not statistically significant. Moreover, the independent influence of RISK indicates a significant negative effect of lung cancer risk perceptions on smoking behavior. These effects appear to be somewhat greater for the simultaneous equation model.
VII. Conclusion
The patterns of smoking and risk perceptions accord with one's expectations given the character of the risk information that has been provided. There has been a tremendous amount of publicity devoted to the hazards of smoking. Given the pronounced tendency to overestimate prominent risks, one would expect individuals to overestimate smoking risks. This bias does not reflect a failure to process risk information accurately, as the typical form of governmental risk information transfer indicates that a hazard is present but does not indicate its specific probability.
The observed pattern of risk perceptions accords with what one would expect given the different mix of risk perceptions for different segments of the population. Most important is that the youngest age cohort has a high risk perception and is more likely to overestimate the risk than the population at large, which reflects their substantial reliance on recently provided information pertaining to smoking risks.
The presence of substantial perceptions does not necessarily imply that the subsequent smoking decisions by younger individuals will be rational. The empirical evidence does indicate that perception of the risks influences smoking behavior. Moreover, examination of the determinants of smoking behavior indicates that there is no statistically significant difference in the manner in which risk perceptions influence smoking behavior for the youngest age cohort. These results are also pertinent to formulation of economic models of smoking "addiction" since any welfare losses associated with costs of changing consumption behavior depend on the rationality of one's decisions at the time when this consumption is initiated.23
